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(54) SEMICONDUCTOR LASER DRIVE CIRCUrT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser drive circuit which can improve the drive of a high- 
resistance semiconductor laser such as a GaN 
semiconductor laser. 

SOLUTION: This semiconductor laser drive circuit 100 
has a buffer circuit 40 which shapes the waveforms of 
input signals S4 to S7 f a level shift circuit 50 which 
shifts the levels of output signals S4A to S7A of the 
buffer circuit 40, a switch circuit 60 which controls and 
outputs the signal levels of output signals S4B to S7B of 
the level shift circuit 50 according to switching control 
signals S3 and S8, a composing circuit 30 which puts 
together output signals S61 and S62 of the switching 
circuit 60, and a source follower 4, which supplies 
electric power to the high-resistance semiconductor 
laser 3 according to the output signal of the composing 
circuit 30. The high-resistance semiconductor laser 3 is, 
for example, a GaN-based semiconductor laser which 
emits violet laser light 
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(57) [fifi] 

[BUI] G a N3R*SJt*^-1f»(Of««et^W*u- 

»s 4~s nmMW&-? z>'<v?Tmt&4 0 1 % 

3, S 8 \zm^ s X l"<jUif7 h{B}&5 OCQffl^ff ^-S 
4 B-S 7 B^|fl/^»lttt}W^^'i 
0»6Ot, ^yfHlB6 0(Dai*«fS6 1, S6 

tt. Hill, »*6l/-f*t»ltt5'Ga N*t»# 



13 



S 



K 



if 



IS 



, p 


04 

> 


If 


la 







9 S 



IT i I r! 



« 



E5 S> 



1 

ttEffittfilWt^-tJiS^t ^TMEKlftSi;*** if £ 

i»**2] tmeiMVBiiKti. 

Jg l <z>A*« -S* <fct/» 1 <D*4 y^«IWfI»« s IIM&4 
*-EIBfc. 

3R 2 WAAfl <tt/» 2 y fWft* 

ftSE«l *5j:tfB2*>*>f ^E]B^a*f§#£-&/tS;L 

31 1 B«*>¥W* U~lf SEttElB. 

[Ei5#JS3] /^T^ffl<0^«flE«-g-S:*fiB:-t-S^«EE 20 
HB&SfcKWU 

J:t>'m2cr)^^ ^E]B<&a*«*£&^*+S»l#« 
2 Ktt<D*r#* u-if S&®j[e]& 0 

[»*«4] 9B«(t»<:£«-r«IBfKI9H(«:d&l^ 30 
U 

m^t MESMKfi » fc ^r^^i- 6 3 G«t<o 
u— iftBttGIB. 

[it*3S5] iMriBai«iiiiB^ffle«Ai3K^^m^m 

ME^jftlsIBf*. tflEBaoH&fl^— F<om<&\z % Me 
§t#Jg 4 Btf u~— WMbEIB. 

U^<yU5/7 h bTFftEfg 1 

a^>^ n,Tl»CJIS2<oA*«»«r*«i-*MI2<ou^< 
>v*s? hm®t&2 P>i:tt5B*«2IBto*»*i/ 
— -JftBStEIB. 

l§w*^7] aire»] *5J:t^*2^u"<^s/7 bEB^ 
#/rii, oi«y^tt^tta(siBA^e>6«ftnittBiBiB*c 

messi^*^ s^bbi*, sum so 
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2 

y*fc«*«#tt*fc*iV £O««*[0>ttia«Sfe»*tttE 
f-BaiBB-C* 9 . 

y *t, ro«SttjR^tU*««E^«re 

ioVHHBIMeMJ:. 

®^ Lt«re»4 oA*«*«r*j*-f«iit2 (nmm.w-r 

0B t * * 6 e«<o^«tf ifS*K> 

mBc 

B*r* fefc*U 

HtJESi&tElSgl*. (WE*jB0B^*J»fS*3iW*-^yu 

MMBESrttiAU MESJBiaB^WWfflr^^-f 
-^ttffio^^mEa»ttlE^W*Sr«jhi-S»* 
« 1 B*O^W«c -0* JEStHHB. 

0] WE*«tt**#^---» , ©aCA*«*fc 
tt«*au***W-r*fcUIBB £ > 
BftB«tUlslBot±l*(8*«:«ftB(SUi*-f 

E*<^*Wff ^-l^WttlllB. 
[1**8 l 1] #lEW*»i^SHJM^— ^tt. GaNl* 
if T-*> 9 , 

«!BGaN*^«*U'-iftt. (ME«ff»*h7y^ 
i7 (ret 9 IE© §1***1 IE 
tto^tttt u>— WUttEIB. 
IB»**l 2] K«RiW»u-1f«:JB«p'*-6*»*W' 
-ifSgaiUB-efcoT, 

MBSIbMmt-9-^X^t ^TMBii5ffiSt*«fls: jf i 

«HE«W*>f ^tf-^^*»*^t«iE*a6tt*«* 

if fcw«ttjSlc««$^^««EIalBt 
Wffu— ifKlblHlBo 
[RMll 3 1 ttB**tt*W*^-1^fcl»E«;di*>f 

iWESmaSBtt, lWB*ir^>#tlttB*««:*»* 



3 

^-e*9. 

fttrfEGa N5R*W*U— !ftt, lWIB«'*S»* h 9 ^ 

SBtt<Z>¥«* f — JflmBEIB. 
[*W<^§¥»#fftej] 
[00 0 1] 

ibiHiBKin-f a 0 

[00 0 2] 

i Six, !f*«>*»«)^2y^*sftttt?*) 
[0003] ^tKfti-aajfco^flci — 

[0004] 

[»W*s»ftbJ: o t-raWHl JiEUfctt*©*** 30 
[0 0 0 6] 



»M 2001-36186 (P2001-36186A) 

4 

[0 0 0 7] **P^(r«a*l<^^fl:^— IfSZtftlllK 

«***J:i«|!2G>;W y^«W((t**«lft4*i, itoEft 
^f-§-u-<^$r*J^LTtB^ : r^^2^^-f yfBBi, 

TTOEK»l69»«***J«rs^lH]»tSr*-r-B. 
[0 0 0 8] 1 o^«*u-^IEI!iigK 

fit. <fc«9#igi;:l2. /WT^fflo^lEII^^^t^ 
£*EE0B*3&fc:*U WEi««fii***^-lFtt % 

IIOB^- K^*&jraftE^«BEfS«-i:flSE*l 

o»frfcl»E3e«E«*i:«E»i»J:t«B2^>f * 

[0 0 0 9] ifKiiiigjB 

ME^AIb1K», Ko«*fciM 
E*«EEft*4»E*««»i:*r*rtt"t-S. 
SJUl^iW^^—lfJBftigBri, WESBSHBtlffiK 

eMBRii, fflrESS 3 <Dmft*r- y<DW*^. «rE* 

^EB^iii® LfcMEXM-9-&mE£*Ett«-& 
[0 0 10] *«W^«*»lo*»(*cu-ifJBZ»|HlK 
3 (DXtim^Z U-C/Uv^ h LTflfrEJB 1 cDA^fl-^Sr 

SfeK*-*-*. *3BM^ff5*lo*#*^- -FJBttlO 
BMu mrE^l*3«ttJ c ^2 0U''<yi^>7 h@Bo#><r 

5, iHBJBl^yfHBri. Ii»h7>^^^) 

>r y^taaieiK-cfcu , suis^2^^^ s/^-niBJi. s 

•SlLilS^fcB^IBSIt^lMlEJK 2^-f2/ ffHWBtl: «t o 
[0 0 1 i ] *3ft91t£A&ffii u— PBlblslB 

tt. flitf, l»E!«att:*W*U'— Jftt, GaNSR** 
tt. tWSh7>^7^tft?), fttJiEC a N^*a?{$ 



[001 2 J *SWi:«5S2 0^*i/- -fmW)l3\& 

[ooi3] *&w\m*n2<D*&fti'~ymm®'& 
[00141 *&w\mzm2<D*mwi'--?mm®& 

ff4, W*tf, flMEKffitt***^-- *f!4, GaNW 
[0 0 15] ±IBUfc*«M<c«5JSl*3J:V«2^*- 

«Srift±i-a r t » pfffi-C**.' S5«6t^» u-D 8 f4 

[0 0 16] ±iaUfc*«W»w{SS»2 0*a»flc 

[0 0 17] 

iaaBS:#fiBLTttWt-5. 

[001 8] % 1 ommoxm 

Hill, *^P^^6^ffu-lflEK)lslK<oSli6^. 

ffit^iittftW^^o-y^flifijEHrfca. tf 
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^y«*H8) 4t. KU«Jffi(t-9-ScSr£/ft^d«l«i 
@?S5 t*#-?"5o 
[0 0 19] y-*:7* a 17 41*. ftffi^y^yv 

^»**2i 4 aB«tft^»#^-lF 3 i: (ft 

y y h n f t h 7 > ^ ^ ^ (FE 

T : Field Effect Transistor ) T^/*; £ ft 3 0 ^ffifet 

10 G a NR¥8?# U~ If (G a N**3S<*: U'-lf *W ah— 

K) -ew^snso sit, i&mt)^ ^t a -y>^mmm 

^-2*SFET"Cfc9 , Ktttt***^— 9* 3rt*G a 

W(*U-1f 3fc««SiX-0*3. 
[0 0 2 0] frJi3p[a]2§ 5 14, SHSlHlSg lot. «S(s]% 
2 0k, -&J5RE1K3 0 k, /<y7rlS»4 0 t, u^A- 
•>7h0»5Ot, ^yf@8 6 0 t, £®E[e]&7 

20 ^©^4 1 t, «2 0«»»JBEI»4 1 t^^-r^o M 
|EU"<yU'>7 h®K5 014, ilOl/^k>7 hlsJSSS 
1 t, I2(OU^>7 h0B5 2 t Sr*1-«5o fftfB* 
W 5/^088 6 0(4, *^[a)S&6 It, 12^ 

[0021] %\<offlm$mi&A i\zt* % ssscda^ 

*!#S4, S 5 3J«A**^S. «TIB*5^A*«*S 
4, S5(4, £i^rK!Efg*t*SIE«-S-^BB«T?* 

» (^T) icftotv^, «2^iftH5fiflg|HlK4 2 
(Cf4, S6WAWI^S6, S7^$tl5 fl IfflSEfS 
30 6^»fl*S6 t S 714, SVMCRtefi *k#RIE{§ 

[0 0 2 2] #*3, «l©»ff*-K^ 

«l*5J:r/»2<Ojfi»»»iaK4 1, 4 2cD^1bMlO 

K^SJKl£lK4 1MI:W«*S4, ssaHRttsn 

% 1 ffi 4 1 KZ XMt* S4, S5 * 

40 7*s*»*n, G a N*^**^— If 3<D«JfeUl* (3B 
f4iB*»J:9<>IB««F^f5 5?) 8 *:#<*So * 

4 1, 4 2fcttA2Mt*ttflW*aiL« 

[0 0 2 3] mi^K^S^lHl?g4 lt4, ^5(7)A^{f 
-^S4 ? S 5S:j6Jg»«?LT«*S4 A, S5A*4/S 
U MlfB«-&S4A, S 5 ASr»3<OA*fS*t bT^I 
l©i/-C/^>7 HElB5li:Stftt5. m2<DtgLW&M 
50 02S4 214, |g6^A^ff^S 6. S7$r«»U 
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ftf S6A, S7A$r«L, flf!iE«-SrS 6 A, S 7 A 

t*ft"*-S. SlfeJ:0 c »2Ott®»»lHlB4 1, 42 
te % p - E C L u^coff t5rA^ p - E C L 

[0 0 2 4) gl(Ol/^'>7 114, W 3 <D A 

S4A, S 5 A (^)(t-S-U"<yu) S:^'>7h 10 
LtiBf S 4 B. HMB«#S4B, S 

fgf-S6A, S 7 A i^<yu) 5:^>7hl 

t«*S6B, S7B*4*U WiB«-g-S6B f S7 
B&fg2<£>A^{§-^£ LTm2cD^-r s^EIB6 2 fctft 
jt&-r-5 0 »1 *5^t/3?2<OU^</U^7 1 , 52 

(i, (ECL -Emitter Coupled Logi 

[0 0 2 5] JglO^-fyf-ia*6 lit. fffifBSgl^A 20 
jftff^S 4 B, S 5B«:*l<0^>fy^#J»ff-9-S3^ 
S<5^rif« LT^l S 6 1 *£jSU -<Z> 

m i -g-s 6 i *-&jS;[eib 3 o teflfefci-a. » i 
(«io^yfaiip«f) s3»a*)Mt6ct^ 

[0 0 2 6] ^2 CD^-T ^/^IhI8S6 2 i4, ^JB£^ 2 ^ A 
A«tS6B, S 7 B£S&2<£>*-f 5^fHflP«»S 8 IS 
S<J^-CifBL-C»2^*tH«-§-S 6 2«r£lS;U 
m 2 Oi^^m-^S 6 2 Sr^SSg 3 0 Kl«W6i-a 0 f§ 2 30 

^o^-r 5/ ^@gg6 2(^>iffl«fttt,-»2^j««wj»«-a- 

"Trt 6 0 JSl*3J:tJ«»2<0^^ yf@86 1, 6 2 14, 
ECL@*g^fcfc*ttiS*>f (CSL :Curren 

t Switch Logic) 0BT-«fifc£ft-O*a o 
[ 0 0 2 7] ^ftElUK 7011, K^ft » S 9 tZlg^l * 

9(0:9. FET2^- HAAflr»0)'<>f 7*;*«ESr 
llt^rt^tt, Ga N3R***U— * 3<Dfctj;*>'< 40 

[0 0 2 8] xjggiB 1 0 14, »«H«Pft4-S 2 KS<5 
^Tfir^coiSMIIffS 1 O&dfcj&U r^3S« 
«»S l 0t*fillI8 2 0i:fllfm. w©»«aill 
0t4. *«JB»«*S 2*s»l^*»B<o»&^38««* 

s i oi&jfcu xamtpit^s 2 2 ^**^>»& 

fc*»t*S 1 0O^Sr#iL1-6. » l <o««B(©*lg 
»J»ft*S2tt, ff&WKJHKiaKi o«rtt«e*n*o 
[0 0 2 9] #figie2 Ott. W^l^t^'y^CH 
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jgfgf S 1 oa»fe»*^»tttt*>«»S 2 0&iSig£ 
-It. w(^iii@fg-^S 2 0^@%3 oirffafr*-*, 

[0 0 3 0] £7fi|5Jtt3 Ott, ffligff^S 20i, SfU 
*3£tf*2<Dii«M§-5§-S 6 1, S62t, ^lEIl^S 
7 0 4:^**6 Six, cixfe<o«*SraR69*^fiKbr* 

*Mltt«-S 6 1 ££®EEfi#S 7 0 fc «r*0# LT-&/8« 
fScSrt^U, ro-&*(t*S c &F ET 2<^y- h 
izmz-TZo ^*EIB3 0I4, ffi»«P(rii % mi*3<fct>* 
*2©«ifi*S6 1, S6 2i^tEMS7 0<b$r 
*D3iUT-frrit«*S cfr4«U w«>-g^f-S§-S c£F 
ET2©y-H:«ftt& -&j#l£lE83 0(4, 
I*. »««-§- S 2 0 ±j£«E«*S 7 0 fcfcAlff tt^ 
«ffSc^«L, :o**WSctFET2^ 

[0 0 3 1] WKBM 1 14. m«»JW<S«-S 1 
TG a N****^-* 1 3eifflO«lil«EVpt4* 

KMM:«t^c «JK«l«i(t*S l3*s>f-*— 

AB <0»&-t?l4, 8JftsHBlf4ttSKttEV 

pfc**L. Ga N**»(fcU— tP3(4W— ^JfttUU* 

ttflB) co^-ei4. fflaRlsI»lJ4«agi«ffiVp^fiKSr 
«CihUTFET2^<7)tB^mEE^0 VttlU G a 

[0032] FET2 (44*- hXMt^t LX&J&IM^ 
ScJMfcieSn, :^MScCl<5^TGaNl 
*MH*u— lF3«r«jRfff^i-a. S c^m^-u 

^;K4, 9 te»»«>«5a***< , ci^fctf) 

G a NX^*«u^3^r4ffi±i«J:9 t>C*B»o«3 

u-if3 0«JftttJflr4, W&*£9f>E*l*4>f3 5*S:* 

[0 0 3 3] S4EWw£7»ffi*S c 14, tt£Attttoa 
ifift-S-S 2 0 ch^JEff-^S 7 0 fc«r*IJ(Ufc(§»d»6> 
KZ<DX% G a NX¥1» ^—5f3*»?>0 tFjfefclllr 

G a N***«c^— -^3^b<OU--1^3tffi*Sr*#<-r 
[0034] E)2t4, Ell <0*«fls \s— iFBSbSlK 1 0 

o^miSBi-c&a. fib, '<yy?w&4 o^mit 

Ji^Tt^*. [2j*6D?¥^GNDI4, «^Sffi 

7>-KU-</u) ^^i~o fiflfaA^lf^S 4 A(4, A^m 
JEV aU UgKD^/u>7 1 irA^J^n 

a o SUg2A^<S^S 5 A(4, A^SEEV a 2 <h LT^ 1 
OU-<yu>7 hHISS5 1 KArtSJx*. «J8EA*«*S 
6AI4. A^SEEV b 1 i: ltl2 0^;ui/7 h08 
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5 2\zAJj2tlZ> 0 ffiKA*«-S-S 7Ali, XtiWEEV 
b2t 1,X%2(DI"</Uis7 hlsJ^S 5 2(rA^£;*x5 0 

[0035] mmmw*^ y^*y»«»s 3it a# 

mi£V6 1 tUJBl^MyfEI»6 lKAa&ix 
Zo flftfE&2<7>;*-Y 5^»J«P»*S 8ii, A7^®JEV6 

iR*JW«*S 1 II, A^HEV d i: L-C««Ih1K 1 KA 
;>j£^* 0 Me«RM*ll«S2tt t A^miEVsw<!rU 
T^jglH]?Sl OKA^Stt*. «rEK*«#S 9tt, A 
^®JEEVin<h LT^mEEl£lSS7 0irA#£*l£ o 10 
[0 0 3 6] JRl <T>V<>\si/7 h(nlSg5 1 |i, 

Val, Va 2^tt«&$a*^<— ^«StR 1, R2«b, 

£&#i-£ 0 h7>'>^^Ql, Q2. Q3J2, npn 

5y^fifiR3, R 4 cojgffitttt*? L < * h7>^^ 
Q2, Q 3<7)#tete^lA\> 20 
[0 0 3 7] h7^^^Q1^3^^lii$7^tt 
*aR3, R4<Ot(8RjS^tftHSn, * S * * l*Mff««; 
R 9 ;*J±A*«BEV 5 1 *£ftJ6£Jt, 

r<7)A;^®J3EV 5 1 KJ; 9 h7y^Ql<^=^^ 

«»I Itfttfc3*b6. h7y^^Ql*3,tt^lffi 

StR9^«t9, h7^^Ql©3i/^Safc-S 

l£A^mOEV 51C<J:^ tt&itt (£ 1 OBM**- K 

ffl*U (*3©IM^*-KI») Iwtem^tB*? 30 

[0 0 3 8] h7^^^Q2^- PMi^— ^SgtR 
l«C«M*Six, =«u^^Jt3^^^«etR5lcSltt* 
ft, *S y#tt*§ y#«RR 3t««Sht^8 a h 
7^^Q %<D^—*\^—*fflniK 2IC«tt&'ft, 
=>u^^(^l/^^iSR6i:iI^ :*5:y#tt:n 
5 **«ttR4K&«£ft-0*5. MEJRl^^^uv' 
7KtfS4Btt, h^>v ? ^^Q2(D=iu^^mBEV 
a 3 £ Urmi CO^-Y yf086 1 rt<ZV<— *«fi;R 8 
KflfefSSft*. SfJiB^l <£>U"</L^>:7 hfg«-S 5 Bl±, 40 
h7y^7^Q30^ k^^ffiV a 4 t LtSl CD* 

"f > 6 l i^^^-^MR 7 fzflai&Sft*. 
[0 0 3 9] S2 0^>7 MSSS5 21*, SSKSJE 

•EVbl, Vb2«$tl5^SfciR5 1, R 
52 x**^fiftR5 3, R54t, -18()^h7> 
y7>?Q52, Q53^ h7yy^^Q5 1 t % Sciffi 
£ftfcA#JfifiiR 5 9 £**Tt"*o h7>y7^Q5 
1 ? Q52, Q5 3fi, npnh7^^f*5, a 
l"**«SiR5 5, R 5 6*>«tt»tt*b< , -C-*S 50 
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ttRSl, R5 20ttaftl«K/x^^ftttR5 
3, R 5 4<?5igetfiUi^b< , h7y^^Q52, Q 
5 3^#tttt»LV\, 

[0040] h7^^Q5103U^tti^^ 
«#£R5 3, R5 40^£lCfflK£ft, x^^l^ 
3?jgfexR 5 9K«tt*ft* *f±AA«EEV 5 2##fe 
jj££ft, £60A*fllEEV5 2(rJ;9 h7V^^Q5 1 

SttMtt. (WKAAttEVS 2fc±tK IB^P# 0 

«£**-KI»> JSiVW^P* (Sg3coiM1^e--K»#) Ktt: 

[0 04 1] h7yy^^Q5 2^^fj[^7fiS 
R5 1Kl««3ft, 3l/^^ttal/^^figiR5 5t:«| 
ttSft* ^ 7^ffiR5 3fc«a*SftTV^ 

So h7^y^^Q5 3^^-^lj:^-^}gteiR5 211 
««Sft. 3U^^li3l/^*ttttR5 6ti:»«Stl, 

l2^l/^>7h(ffS6B{i, F7y*>^^Q52 
^3U^^tl£Vb 3 i:LTf2^>fy^lHlS6 2f*l 
CD^— ;*JgfctR 2 6 izm&£thZ> 0 miE!2 0l/^-> 
7 hfg-^S 7 B$2, F7V^^Q5 3(03 U^^mJBE 
V b 4 fc LTi 2 <D%J v 6 2 rtO^-^lftttR 

2 5(Ctt^$ns„ 

[0 0 4 2] fgl <D*^ ^/^lH]gS6 1 Wt, n^mmvcc 
JJ^teSnSMfiSiRlOt, h7>y^^Q4t, 
18»h5^^Q6 f Q7t, ^ffiR7, R 
8k&^1~Z> 0 h7y^^Q4, Q6, Q7te, pn 
p h7y^^ffe5o *tefetR7, R8<D^Kfit 
ii^L<, h7yy'^^Q6, Q 7(04ttttt^U^ 0 

[0 04 3] h7yy f ^^Q4^3i/^^|JtMh7 
y^^^Q6, Q 7(0W3i^ y^^»«J»(r»jR$lx, 
i?y^SMSttRiOl:»K*h, *«A^S 
JEV6 lJ&S0«e$ft, ^^AA1EV6 1 KJ; 9 h^>- 
^**«*#«:££ft5o h^>^*^ 
Q4*3J:tfft1»*SetR 1 0K:J:!K l>7y^Q4(0 

[0044] h7y-^^Q7^x; h^V^* 
#Q4 0:a ^**Kl£«fc3ft, *««tR 7 

WSlRSft* 3i y^^li^R l 3fc»fc3ftT1r**. 

^-^tt^<— ^«ttR8(C«jJt$tL, 
3i U'^*tt«»^fiR«^«ttR 1 2IC*ttaFJlT^*. 
^ISii^Sfl-^S 6 1 |i % h7>v/*^Q6(^32 u^-^^ 
ffi*fc«3 L/^^mSL i 2 t UTffifitR 1 2K«ieSix 
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[0 0 4 5] %2<T>*4 v^W&S 212. StaiUE Vcc 

R25i:, atSSJifca^^fifiiRl 3$r^fr>5» h 
7y^^Q5, Q8, Q9fi, pnph7^^"C 
£>6o -<-^^fetR 2 5, R 2 6 <D«tfiffil±€J L < . h 

(0 0 4 6] h7>"^^Q5<03i/^^|iiMh7 
y^-^Q8, Q9(Olx^; y^o«jBt^«r«tt$^ 10 

EV6 2«S$K, I(DAMEV6 2(lJ:'9 h7^ 
i?X0Q 5 CO 3 U^^l;ijfc^S^$ix5o h7V^^ 
Q 5 *3«t t/ft?5»ttR 1 1 h7^^Q5© 
=i u * * Sr— £ \z -f 5 femSEH £ JVC v ^ . 

Wit"*"*. 

[0 0 4 7] h7^'^^Q9iOx^y^Hh7>^ 
^Q5^=H/^M^, ^-^te^-^l&SiR 2 20 
5*r«tt*4x, 3^^li3^^fittRl3l:««S 

Q 5<7?=3 U^^id^^^tL, J*!*'*— ^IfiSiR 2 6 

S6IEli««-9-S 6 211, h7^^^Q8 
0= U-^ ^IBffi^fcfiia i 3 <h t-TfetrCR 1 

[0 0 4 8] 3£«fiE[slSg7 Of*. tt««EEVcc3&s«jf&$ 
n^^fctR 1 6 tetfiR 1 7 fc, »ifii£*Lfc186fcR 1 
8, R19£. h7V'^^Q12 ? Q13tS:tt 30 
3 0 h7V'^^Ql2, Q13fi. pnph7>^ 

^r-fc6o «as«ffivccii % mmstz tut&fcR 1 

6, R17, R 1 8lrJ:!9^ffiSKT^So 
[0 0 4 9] h^v^^Q 1 2CD^S 
Vin*s«*&a?iX, *KMME«6lR 17, R 1 8 <D*g 

R 1 9Ktttt£*VtV** 0 f»7y^^Q13(Dx^.y 
*MtiSSiR16, R17, R 1 2<D««^fc»«S*L* 

l>£ 0 h7y^^Q12^3l/^ll h^S/** 40 
Q 1 3C0-<-^(-^^$tirv>§ o ^mEElHlSg7 Ofi x 
h7>y^^Ql 360^^y^fgJE yf&tiL) & 
-^SEVIKU r^-^miEV 1 Sr^mEEff^S 7 
0 t UTlSftR 1 2 fcflWSI- So 

[00 5 0] 1 0 (i, ffi&OAttftOlEttttfll 

VswtfiJ:9»!H»3*i*. (i-WKVftt, Myfy/* 

«*»Vff4»«LT 50 
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fcti^miiV 3 o *IIE««f8-8-S 1 Ott, m^J 

«BEV3fc UT*l8lalB2 OJJi«j|»*tLaa ^s/fx 

[0 0 5 1 ] #|g[HlK2 Ofi, >f L l:fc«J:tf=*r 

i±\ tHreafltt-s-s 2 0 1 itgRR 1 2 ^ttie-rs. 

[0 0 5 2] -£jjHHlK3(>tt, SttRl 2^^-T5o 
tfiR 1 2CD-&itt, h7>^^Ql Z<D=-% vZXZfe 

fi, h7^v>'^^Q6, Q8C03 U^KSttSft, 4 
* L 1 KSMfcSiV «6tR 14, R 1 5 <E>fttt£ 
KfiSKSjh/O^*. «^R 12, R 1 3<D«t£ffiW:«?L 

[0 0 5 3] ®«(H]g§ 1 II. *j|8«ffiVcc^«jte*iX5 
&fctR2 0, R2U, F7>">^^Q14, Q15, 
Q16t, -<-xttffiR2 4t, ®*$ilfcS6tR2 
2, R 2 3 dr^^-T^o h7>^^Q14, Q16 
fl, npnF7^n^!), I>7^^^Q15 
tt, pnp h7>y7^T*fc^ «SfllEEVcctt % *&#C 
R21, R 2 2»Cj:9^flE*^tt**. 

[0 0 5 4] h^Vv^^Q 1 4C0^ \s9 #\SMMMBL 
VcctfmifeZil. s/*tfFET2 A, 

*KH£lnR 2 3^«jja$ixXi^o 
h^Vv^^Q 1 5<D^ u^^iiSfetR2 3JC»tt* 

SR21, R 2 2*0«jKjS^»«*n-C-^mBE*Sfit» 
£*l/T^£ 0 h7>^^Q16«)3^^W:SaR2 

ffiR 2 4fc*a*JVC^£ 0 h?^#Q14©^- 

SlBSitLTV^. h7>"^^Q14co 

v p £ y-* 7*- p !7 4 irw^-T^o 

[0 0 5 5] y-^7^-P74li, hffitaR14, 
RlSct, FET2A, 2Bk, GaNS**ff^f 
3t**t*p 131 ET2 fc*tJCtttta <!:> FET 
2^L-CFET2A, 2 B &ffl^TV*5 D hJfilftR 
14, R 1 5^ffitafiSli^U< % FET 2 A, 2 
tttt«U^o FET2A, 2 Bit. GaAs-MESF 
ET (Metal Semiconductor FieldEffect Transistor 

[0 0 5 6] FET 2Acoy- Mty- hffitftR 1 4IC 

t:«a$ilTPi 0 FET 2 Bcoy- hfi^- htefitR 
15tw®^^n, Kl-^>«hv^^^^Q14C0^* 
y*iZ&Vt$tl* y-^ttGaN»*»*^f307 
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y-KH SElftSix-Ct^o IStftR l 4, Ri5<oJ&ga 
^Ji. JSttR 1 2tC^$ttTt^o SttR 14, R 1 
SSrKttSrfe, ®a=V2#Ji#Lrt:££lc:FET2 

a, 2 B<ay- h • y— ^MJwMH^rrfijssit^sftnsoS: 
[00.5.7] Eiis^»fps:»wr*. mi&zx* 

»2Wl/'<^>7H5185 1 f 5 211 ^SftiffglElSST 

fe^o h7^#Qi©ai/^^aai io 

tfiR5«KttS:R 5 £*"f. 
(005 81 

[&1 ] Va =Vcc- (I1XR5) /2 <X> 
[0 0 5 9] Mt&A^®EVia = | Va 2-Va 

1 UU S»ttl*«HSVoa= | V a 4 ~V a 3 | <t1" 

&S®tS^h5o :flffiffiftR3 0jgm<S:£:R3 

<t^-T 0 20 
[0 0 6 0] 

[&2] Voa=ViaXR 5/R 3 •»© 
[006 1] «1 3S£Utm2<Dl"</\,i'7 hE&S 1 , 
5 2 fi, A^SJE V a 1 , Va2, Vbl, V b 2 £ U 

^^g|B6 1 , 62(D h?^^#Q 6—Q 9 j&Sfift 

1, Va 2, Vbl,. Vb2 Sr*t«L, ^ 1 *5 £ T>*^ 2 30 
<0*>f jy^SK6 1 , 6 2*5]E»4^>fyfy^S:lTi 

[006 2] file, ¥*ttl' M lWttiattl o 0 
^rSKSO^A^aE**^ yfB»6 0 {zW&mz 
A2)Ut<l£\ ^l*3«tt/®2CO^^ yfE86 1 ( 6 

Vl = (Vin-Vbel) X (1+R17/R18) 
[0068] * * [&5] 

V 1 ^ (R17+R18) XVcc/ (R16 + R17 + R18) • •© 
[0 0 6 9] m&£f&m<Dt&ViR 1 2te. tl^yf *H ±^<3)> ®Wjfflbt^tg$n5 fl 
(CSL)[nJSg6 1 f 6 2T£js££;ft,fcai;frm^fP [0 0 7 0] 

(i2+i3) «:®E«*L, $ e>ir-£mJEV 1 £ [&6] 

V2= (i2+i3) XR12+ (Vin-Vbel) X (1+R17/R18) 
-@ 

[0 0 7 1] y>-7 7^q7 4ll GaNl^»U- » U— if 3 ^SEA-fS AjBfttSE I o fit, GaNlW 

■5f 3Sr«flE»j:J:9e§Bi-i. ttffittlwH GaNS^i 50 ' u— * 3 0*JE-*8MWfci, FET2A, 2B^- 



Q 8 ^ty/t7^fib/i: < /iiilMifc 5 , {Rfc h 
7V^^Q6 . Q 8d^>v'*:7£fTofc£ L-Ct>* 
* ^[eJK 6 0 TO u^/U >7 He J; 9 

[0 0 6 3] »l*5-J:r/!R2 0^>f3/^|H]K6 l t 6 2 
tf\ ECL0K^b***«l^^y^iaa (CSL) E3 

\s?*mmzt$i,< % h7V^^Q503^^ii 

H h7y^^Q8, QS^HtylSi^^^ 

1 2 t h"7^V*ZQB<D^^?#nM i 3^«t 9, F 
ET2A. 2 B<7MSW®EEV 2^ft^Sn5o I^Jffil 

®EV2ii &^(3>-egi£n5o fiftRi 2<^fi 

St««:R 1 2 
[00 6 4] 

[3&3] V2= ( i 2 + i 3) XR12+V1 • -<3> 
[0 0 6 5] ^SE[h]8&7 OJi. >^ (Sink) 
EEK-efcO. l8wh7^^*(B0Bi^y7 77 
v:/T*/a;£*VT^5o -<£>5£mEE[HlS8 7 0TI*, tti^ 

-f— hv<y^aaR 1 7SrKft"CV^o COg^iRi 7 
\ZX9. A*«EVin***»U4^IS9, ttiJlWEVl 
tt— 3efr«ytix2> 0 ^mJEEElS 7 0 Ht % FET 

2 A, 2 Bcoy- f/^7^1ES:«feltG a N*^ 
m& U— !f 3 <7>»f£®JE£?S*L-r J: 9 |E LTV >5 e 

[0 0 6 6] ^®ElH]gS7 OOtti^mJEV 1 ii % #C5£® 
•CS^io **5, F7y^^Q12^-^-x^; 
*>^®JEE£:Vbel £ U ffilnR 1 6, R17, R18 
Wfil»j£UR16, R17, R18 

[0 0 6 7] 
[*4] 



1 
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h • y— *IHBJE- >mMffl&ki££ VfrfeZti 

©iC^l^T. VottGaN***#U~iP3 0«^ttE 
V tliFET2 A, 2BOLJ^m (L£V* 

[0 0 7 2] 
[»7] 

I o = I dds X { 1 + ( V 2 - V o ) /V t } 2 — © 

[0 0 7 3] fBfilsl&l "Ctt, F7>^^Q1 5£r^f 

1 SOXttftfcffiHWU I 5S:AffiRR2 3 
lrflJL)t9«E*i^o^:9-rs. ::<7>®j®[slB 1 com*} 
«BEVptt. AffiffittR2 3liaUlS«ai 2 3 £±9 

- y *K|«flE«:Vbe2'C*U A^fffiStR 

2 3(7)fi6iI§:R2 3 £3t-n 
[00 741 

[®C8lVp=I23XR2 3 -Vbe2 — <8> 

[0 0 7 5] IWJ:?^, h7y^^Qi6»y« 

m<om^n s mm i 2 3tto£fctt3g«ftKoicfc9, 

h?y^#Q 1 4tt^-7*tflg«5:/^5 0 ^<^*£m, Ga 
9>^*#Q 1 6*S2r7ttHB<o#-&tt, «9fci2 3tt— 
*^4fc«fcft9, StIfSfcti^«lEVp 5:y^7^D74 

[0 0 7 6] y— ^7^-d17 4{± s GaNl^l/- 

^fc, FET2A, 2 BfrJfeJiJKl/Bl^ari: 
[00 7 71 y-x:7* n<7 4 te, 5 7 

3ii. «fli[sl»^ttjfe**btt, !> — KIR0>>r >?9 9> 

[0 0 7 8] &2V2MM2im 
0 311 *«WtI«4»2<D|61t(0»l||<D*»«CU-.iF 

SHfru— 9 s JBttiaK2 0 Oil, Eli ©4tSH|eu— iffgift 
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SI8S1 0 ORlj&U tfttUlHlB9 2*5±t/7-f — K'<y* 

^SblslB 1 0 O t B-rtdrt^fcBHI-Rtlrttlt 

[00 7 9] 121 3 <D%m®& 5 OrtSBfiv ffflfttfj/j^ffi 
HB#EAS*lT*J!K KttffiHWft5-S c(Ofi««£|l 

BRStt. MMHMI#S c«r7-f-hv<y^H*8K 

10 [0080] &ttilelgg 9 2 tt„ ma^[H]?S 1 <t y— * 

v 4 \zffiA-rzmm*&m Lx&miB&s k u 

[00 8 1] — hV<y^EIB8l±. >bOSt[s]Sg8 1*5 
J:tf««l§IIK8 2§r*i"f 3 Q A0FBML8 1 tt, Sglfefflffll 
«»s c <k&tfctfi^S k*s#*S$n> Klb*J»ft^S c 
^>b^W«^S k £®g LTAD^m-^S 8 1 Srdfc/SU 
cwJflSfltS 8 l £tttll£jsg8 2fcf«e-rs. ««g| 
K8 2I4, M*lfR)FJ|tHI (^r^) , h7^ 
20 FET*t«*Sh, »3ltt*S8 1«:«BLt 

lt y-* 7^- a 17 4 izm&-rz> 0 

[0 0 8 2] i^iN»*u-ifJE«l[3«2 0 0-ett, 4ft 
tBE]»9 2i:* 7-r-My^@B8t, y— 

5o y— ^7^-Dl74rt<OGa N**«W*eU"- iPStilflE 
^ a t-S«K«rtttUiaK9 2(cJ:9«ltllU «WLfc«itt 

30 »#U~ lF3O«if^*:*JtftUTV^a 0 

[0 0 8 3] r^4 t WflCU'-1fB»[HlK2 0 Ottt, G 

fe9> GaN^«#U- lP3 0«EE-m»E«rtt^tt# 

at d5«HA-r*»&^oi>Tt, ^tuiHj?s 

[00 8 4] tt3P*afoPWS<tt 
40 El4ii v **W^«5IB3«>||JfiW*ffiO*ffl«c^— ^ 

»^ 1FK»Ih1B 3 0 0 Ji. El 3 co#2$i* if SE®b 
lEl!£2 0 0K*fru IAUBIK9 2«r«9»f r«8Rlil« 

L, $btr«|ttJlH]SS9 3Zm?1tffi&-e&>Z>o ftja. El 
3^W*u— FKI&IBIBS2 0 0 tra-o**»B»^tt 

[008 5] ^@K93lt G a N*¥»*W— If 3 
50 0**a*«r*ttJU-C«a«flrSk«:flfej*L. ^co^m 
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m^rS, k hv<j/^088l:»ftt5. «x*4, 

«ltaigB9 3li. Ga N*¥**u— If 3d»fefcti*£ft 

[0086] mA&MM®mffi 

BiElKSrttWi-So 0 5-I2I8I4, *«M^«S»4<7> 

[0 0 8 7] !2l5i4, *4^)Slie©»«0*»*^— 

5 e -©^iiflcu— !fJBS«ilallS4 0 0*4, 

*^4 0 1t, ^>ft-K4 0 2i: ( fiHflE!4 0 3 

^Ga N**W*U— Jf 3 <b, ^SffitE]g&4 1 0 

. [0 0 8 81 ^m«(Hl8S4 1 0*4, GaN**l#U- 
1f 3fc-je«flfn 4 1 0Srtt«-r«. -f^flUU 
IUSS4 0 0"C*4, t/^->^m=f-4 0 1 #4*— 
K402fc, *«BE«4 0 3fctfOCWJ*tt*ilT*5 9, 

^/^Vi/^T-4 0 1 ttBftfMttHS&S c K<fc r) 
««B*/cl4*7tt<l8i:*&a 3£fSBEjR4 0 3*4, *<<< v 

-if 3*^-*«E*«Mei-5. 

[0 0 8 9] ^^¥^#^~1fiEl&E&4 0 0T**4, 

-<T^ffl^i:gftttat*4*«a£isiB4 1 ot-s^u x» 

ttSbWF*4, ^ y^f ^4 0 1 ^ffl^X^^tE 

084 0 0m KijMB«i»*r*v^T, GaN**8K* 

a N*^W*u-l^3*cX»/Wf^AA*ixa»^^ 
[0 0 9 0] (116*4, H5«*«#i/- tfSESBjlsl&4 0 
®-e*>5o iO*W*U-^B»EI*4 6 0*4, FET 

4 04 <t, mmmmm^s c^teii^Mi4 o 

5<t, GaNS*»»l^-f3i:, £mfflE]f&4 1 0 t 
$:W-r^ 0 ISIS^CO^^ j/f >^4 0 Ite&Tfyj 
^--K4 0 2*4, fiffl^^^-^>^IE»l*^--W 
F E T 4 0 4 t:^Sftfei*t 4otl^ 8 Ga 
N^¥3|#u— if 3*4, y~*7*o!7*;:J:!>«»b£ft 

[0 0 9 1] ^m»itlHlS§4 1 0 *4, «S«mVcc#t»W& 
£ft£^ v*mK4 lit, h7>^^4 12t, 

T3rscttffias4 i 3 t%^irz>o v^^&x* 4 1 2*4, 

p n p h 7 h7>i/7^4 1 2<O^X 
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■««BESR4 1 3«C«|ll**frfc9. -SOa^^tiK 
I 4 1 0*£/fi-r5 J:3fcfcoT^5. 
[00 9 2] FET4 04*4, xy/>>^^ > hS<?)n 

s-FET$:fflP6o FE'T4 0 4<^KM>i:tti^ 

ajEVcc^etiesix, y- Mi«t»»4 o settle 

$ft, y^iiGaN»S»i — f3(ory-K*:« 

jgg£ft-0*5o Ga NX***!/-^ 3 0#y- K*4« 

10 [0 0 9 3] FET4 0 475S*>tt»O»-&*r*4, FE 
T4 0 4*>&JSlMtjEJ»*Ga N3R***U—tf 3 *rtft» 
£ft, Ga N*^»*i^-if 3*4#*feu-1f3tt*a* 
t5o FET4 0 4^7»g'&l:{i 1 FET40 
4^tSE»1iJE^G a NS*S*u-f 3 Kittle* ft 
i\ Ga N^SSffi^-lf 3*45S3fettlASrf*itL, *fc 

*4^:m^ i4io \z&<s< &mJ3 1> u < *4£tu;&«o«5te 

[0 0 9 4] 0 7*4, BI6 0*ai(tU— 1fjEBilH]B4 6 
OOgPJgWSr^-rislttH-efeS. 4*3, E) 6 <D^lg{* W 

20 — fmw>®&4 6 o £ m-ffij&u#\a±m--ft^$:tt l 

ftu- ifSaftElSM 7 0*4, <ftia*ilH*u— - yBttBK 

4 0 7fc»»tfc*ril-efc6. FET404COV 
— **4, 8tt4 0 6Sr^LT»»SixTv^, Sfc. F 
ET4 04^y- ^*4, ^t^'>^4 0 7^MTGa 

N**»fti/- if 3cory— KK«ttSft-c^6o 

[0 0 9 5] fgfci4 0 6*5«t^^/<->*4 0 7 Z&T 
Z>ZtX\ F E T 4 0 4 coy-^^^A>^iE^tiJ^ 
30 Sftfc^^fC, ^*'<^*4 0 7t£«fc B^A^fltEEOifi 
«»J«»Sr G a NK^ttft I— if 3 *Ctt*£^S ^ k 

[0 0 9 6] Hl8*4, H7 0*ilM»:u— lfJEiMaK4 7 
OOgCJKWSr^i-IelKH-efc^. 4*3, H7 0***i/ 

— ifKibia»4 7 o tn— «*»»iwttn--«F*«r«u 

ifffi»lHlB4 8 0*4, ffiie#at(4cu— ifJEIIblallB 

40 4 7 0i:^L, ^m«tlHlSS4 1 0 G a NSR^MSflEU — 

If 3 k<oW^. f 3 -^a^/u^yy^^4 08Sr 

[0 0 9 7] <4>y**4Q 8 CI feT-, 3tH8fc 

02S4 1 0<DfcH;&Sfi (BI8-e*4=>U^^«ffl:) ^Ga 
NS^ft if 3 0*&SftEA±(D** * 

4 l Ooill^M^lrWAi-SriSrKpJt-t-SCisftST* 
5o 4*5, 3t«SEIalK4 1 0 tG aN*##(*:U'-if 3 
fe(^F^*z*4, -<>y^^4 0 8trrt^TlSta («2co« 
50 £K*+Tfc<fc<. MfZ1&tiik4>?'?*4 08 
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t *K*Mtt bxgaftt r t j: i \ 

[0 0 9 8] F ET4 0 4 CD^— hfctt. MRU 

I 0 0 9 9 J 

[0 10 0] $btr, fflefHIipiaigtt. 3Sl*3j;0«*2. 
©^yfBBi, ® 1 *5<fct>^2<o*W y^HMoai 

[0 10 1] *«WI=«aJB2<o*W*U'^ifJE»lH]K 

■m, (su*^^if-^^^«e»**s:^u-r asset* 

Slim, IB«iWJ»«#«>H*«SrW< LTi^fitn; 
4fc. JlStttt#»*i^-if*r»*snfcS*«lalttJcJ: 

[0102] teitjwvt a -^y^«^^ 



(11)^2 00 1 -3 6 1 8 6 (P2001-36186A) 

20 

[Ell] **M^«6*»#i/~1fK»l3»^**o» 

[El 2] Hl^*W*^-^e»EIK(Ols]BBi-e*S. 
[0 3] **Wir«6JIS2^*J6w«»^*i»*u--if 

[1214] **W»r«6JII3<o*Jfio»([B^*W«su'--f 8 
[0 5] *»W(c«6JB4^3S»^ffl^*ig(*:u-if 

[0 6] *anc{tsx4 ©3WSo»«o*»#i/-f 

[0 7] *»W(rffi6»4(D**(0^»(0*iS**:u---j' 
[0 8] **!8^«6*4^16^»(0*«*u^ 
[»»©Mi] 

20 2, 2 A, 2B, 4 0 4 •♦■{&tti^-<> f 

-^*IE8Jj3t^ WMh7>^^) , 3---B51S 
^C*^U-if (GaN**»*^f) , 4-y-^ 

7*v? % 5-»j»ig» % 6 7-t*«« 

EE« % . 8— 7-f — K/<y^Hl|g, 9 2, 9 3 —tikttlal 
88, 10-««IalB, 2 0-#«ISSS. 3 0""&rit(3 

ss, 4o-/<y770B. 4 i -sbi <ommm^. 

5 1 - -|glcou-<yu->7 H3tt. 5 2-g2<Ol/^;u-> 

7 h02S. 6 0- -*>f y^-HIK, 61-SKO^^ 
30 0*8, 6 2-i2(0M s/^lslK, 7 0-3t«BEH», 

8 8 2-*B*@|H]fS, 1 0 0, 2 0 0, 3 
0 0, 4 0 0, 4 6 0, 4 7 0, 4 8 0"4^*^f 

— h% 4 0 3-3HEB, 4 0 5-§fi4I, 4 06 
-®trL (« 1 ^fitrt*^) • 4 0 7-^/^, 4 0 
8 - Of?** 4 1 0-7£mm(3}&, 4 11-x§^ 
fWffi. 4 12-h7V^^, 4 13- 



400 





L-401 




402 ~2 




^ c 


403 ~- 







t wto 



-410 



(I2)m 2 001-36186 (P 2 0 0 1 -3 6 1 8 6 A) 





<13)SM2 0 0 1 - 3 6 1 8 6 (P 2001-36186 A) 



[HJ3] 



2Q2 



—1 



[E34] 



300 



—92 



5 $?apatt 




81 82 




5 #mmm 



—4 



6 
7— 



GND 



Sc 



So 



81 82 




Page 1 of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor laser drive circuit which is a semiconductor laser drive circuit which 
drives high resistance semiconductor laser, and has the control circuit which generates a drive control 
signal, and the low-power output impedance driver element which carries out the voltage drive of the 
aforementioned quantity resistance semiconductor laser based on the aforementioned drive control 
signal. 

[Claim 2] The semiconductor laser drive circuit according to claim 1 characterized by providing the 
following. The aforementioned control circuit is the 1st switching circuit which the 1st input signal and 
the 1st switch control signal are supplied, and controls and outputs the signal level of the 1st input signal 
of the above based on the switch control signal of the above 1st. The 2nd switching circuit which the 
2nd input signal and the 2nd switch control signal are supplied, and controls and outputs the signal level 
of the 2nd input signal of the above based on the switch control signal of the above 2nd. The synthetic 
circuit which compounds the output signal of the above 1st and the 2nd switching circuit, and generates 
the aforementioned drive control signal. 

[Claim 3] It is the semiconductor laser drive circuit according to claim 2 which it has further the voltage 
stabilizer which generates the constant-voltage signal for bias, the aforementioned quantity resistance 
semiconductor laser is driven according to two or more modes of operation, and the aforementioned 
synthetic circuit compounds the aforementioned constant- voltage signal and the output signal of the 1st ' 
switching circuit of the above in the case of the 1st mode of operation, and compounds the output signal 
of the aforementioned constant- voltage signal, the above 1st, and the 2nd switching circuit in the case of 
the 2nd mode of operation. 

[Claim 4] It is the semiconductor laser drive circuit according to claim 3 where it has further the 
oscillator circuit which generates an oscillation signal, and the aforementioned synthetic circuit 
compounds the aforementioned constant-voltage signal and the aforementioned oscillation signal in the 
case of the 3rd mode of operation. 

[Claim 5] It is the semiconductor laser drive circuit according to claim 4 where it has further the 
resonance circuit connected between the aforementioned oscillator circuit and the aforementioned 
synthetic circuit, and the aforementioned synthetic circuit compounds the aforementioned oscillation 
signal which passed the aforementioned resonance circuit in the case of the 3rd mode of operation of the 
above, and the aforementioned constant-voltage signal. 

[Claim 6] The semiconductor laser drive circuit according to claim 2 which has further the 1st level shift 
circuit which the 3rd input signal is supplied, carries out the level shift of this 3rd input signal, and 
generates the 1st input signal of the above, and the 2nd level shift circuit which the 4th input signal is 
supplied, carries out the level shift of this 4th input signal, and generates the 2nd input signal of the 
above. 

[Claim 7] Each of the above 1st and the 2nd level shift circuit It is the differential-amplifier circuit 
which consists of an emitter coupled logic circuit, the 1st switching circuit of the above It is the current 
switch logical circuit to which a current source is connected to the emitter of a differential pair 
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transistor, and the output current of this current source is set by the switch control signal of the above 
1st. The 2nd switching circuit of the above is a semiconductor laser drive circuit according to claim 6 
which is a current switch logical circuit to which a current source is connected to the emitter of a 
differential pair transistor, and the output current of this current source is set by the switch control signal 
of the above 2nd. 

[Claim 8] The semiconductor laser drive circuit according to claim 6 which has further the 1st waveform 
shaping circuit which the 5th input signal is supplied, shapes this 5th input signal in waveform, and 
generates the 3rd input signal of the above, and the 2nd waveform shaping circuit which the 6th input 
signal is supplied, shapes this 6th input signal in waveform, and generates the 4th input signal of the 
above. 

[Claim 9] It is the semiconductor laser drive circuit according to claim 1 which it has further the power 
circuit which supplies supply voltage to the aforementioned quantity resistance semiconductor laser 
through the aforementioned low-power output impedance driver element, the aforementioned power 
circuit outputs the aforementioned supply voltage to the aforementioned low-power output impedance 
driver element when the control signal of the aforementioned power circuit is enabling state, and 
suspends the output of the aforementioned supply voltage when the control signal of the aforementioned 
power circuit is in a disable state. 

[Claim 10] The semiconductor laser drive circuit according to claim 1 which has further the detector 
which detects the inrush current or luminescence intensity of the aforementioned quantity resistance 
semiconductor laser, and the feedback circuit which feeds back the output signal of the aforementioned 
detector to the aforementioned low-power output impedance driver element. 

[Claim 1 1] It is the semiconductor laser drive circuit according to claim 1 driven by the source follower 
for which the aforementioned quantity resistance semiconductor laser is GaN system semiconductor 
laser, the aforementioned low-power output impedance driver element is a field-effect transistor, and the 
aforementioned GaN system semiconductor laser used the aforementioned field-effect transistor. 
[Claim 12] The semiconductor laser drive circuit which is a semiconductor laser drive circuit which 
drives high resistance semiconductor laser, and has the current regulator circuit connected to the node of 
the control circuit which generates a drive control signal, the low-power output impedance driver 
element which carries out the voltage drive of the aforementioned quantity resistance semiconductor 
laser based on the aforementioned drive control signal, and the aforementioned low-power output 
impedance driver element and the aforementioned quantity resistance semiconductor laser. 
[Claim 13] It is the semiconductor laser drive circuit according to claim 12 where the aforementioned 
quantity resistance semiconductor laser and the aforementioned low-power output impedance driver 
element are connected through a capacitor, the node of the aforementioned capacitor and the 
aforementioned low-power output impedance driver element is grounded through the 1st resistance 
element, and the aforementioned current regulator circuit is connected to the node of the aforementioned 
capacitor and the aforementioned quantity resistance semiconductor laser. 

[Claim 14] The aforementioned quantity resistance semiconductor laser and the aforementioned current 
regulator circuit are a semiconductor laser drive circuit according to claim 12 connected through an 
inductor or the 2nd resistance element. 

[Claim 15] It is the semiconductor laser drive circuit according to claim 12 driven by the source follower 
for which the aforementioned quantity resistance semiconductor laser is GaN system semiconductor 
laser, the aforementioned low-power output impedance driver element is a field-effect transistor, and the 
aforementioned GaN system semiconductor laser used the aforementioned field-effect transistor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor laser drive 
circuit which drives high resistance semiconductor laser, such as GaN system semiconductor laser. 
[0002] 

[Description of the Prior Art] In recent years, as for the optical disk which is an information record 
medium, densification and large capacity-ization are progressing. With this densification and large- 
capacity-izing, it is required that the luminescence pulse width of a laser beam should be short, and it is 
required that the edge of the wave of a laser beam should be steep. 

[0003] The conventional semiconductor laser drive circuit which drives semiconductor laser controls the 
laser beam output of semiconductor laser by switching the size of drive current. For example, the 
conventional semiconductor laser drive circuit has the current regulator circuit of plurality (a part for a 
multiple channel) which used the transistor, adds the output current of each current regulator circuit, and 
supplies it to semiconductor laser. 
[0004] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional semiconductor laser 
drive circuit, since a parasitic capacitance exists in the output terminal of a current regulator circuit, it 
follows on increasing the number of a current regulator circuit, and total of a parasitic capacitance 
becomes large. Moreover, since a transistor constitutes a current regulator circuit, a Miller effect arises 
with the capacity during I/O. It is difficult for it to be difficult for the frequency characteristic and a 
transient characteristic to deteriorate in the conventional semiconductor laser drive circuit, and to 
shorten luminescence pulse width of semiconductor laser, and to carry out a high-speed drive according 
to these factors. 

[0005] Since the impedance is large compared with other semiconductor laser, especially the GaN 
system semiconductor laser that emits a purple-blue color laser beam is difficult to drive at high speed in 
a conventional current control type semiconductor laser drive circuit. The purpose of this invention is to 
offer the semiconductor laser drive circuit which can improve the drive speed of high resistance 
semiconductor laser, such as GaN system semiconductor laser. 
[0006] 

[Means for Solving the Problem] The 1st semiconductor laser drive circuit concerning this invention has 
the control circuit which generates a drive control signal, and the low-power output impedance driver 
element which carries out the voltage drive of the aforementioned quantity resistance semiconductor 
laser based on the aforementioned drive control signal. 

[0007] The 1st semiconductor laser drive circuit concerning this invention The 1st switching circuit 
which the 1st input signal and the 1st switch control signal are supplied, and the aforementioned control 
circuit controls the signal level of the 1st input signal of the above based on the switch control signal of 
the above 1st, and is outputted suitably, The 2nd switching circuit which the 2nd input signal and the 
2nd switch control signal are supplied, and controls and outputs the signal level of the 2nd input signal 
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of the above based on the switch control signal of the above 2nd, It has the synthetic circuit which 
compounds the output signal of the above 1st and the 2nd switching circuit, and generates the 
aforementioned drive control signal. 

[0008] The 1st semiconductor laser drive circuit concerning this invention It has further more suitably 
the voltage stabilizer which generates the constant-voltage signal for bias, the aforementioned quantity 
resistance semiconductor laser Driving according to two or more modes of operation, in the case of the 
1st mode of operation, the aforementioned synthetic circuit compounds the aforementioned constant- 
voltage signal and the output signal of the 1st switching circuit of the above, and, in the case of the 2nd 
mode of operation, compounds the output signal of the aforementioned constant- voltage signal, the 
above 1st, and the 2nd switching circuit 

[0009] The 1st semiconductor laser drive circuit concerning this invention has more suitably the 
oscillator circuit which generates an oscillation signal further, and, in the case of the 3rd mode of 
operation, the aforementioned synthetic circuit compounds the aforementioned constant-voltage signal 
and the aforementioned oscillation signal. The 1st semiconductor laser drive circuit concerning this 
invention has further the resonance circuit connected between the aforementioned oscillator circuit and 
the aforementioned synthetic circuit, and the aforementioned synthetic circuit is good also as 
composition which compounds the aforementioned oscillation signal which passed the aforementioned 
resonance circuit in the case of the 3rd mode of operation of the above, and the aforementioned 
constant-voltage signal. 

[0010] The 1st semiconductor laser drive circuit concerning this invention has further more suitably the 
1st level shift circuit which the 3rd input signal is supplied, carries out the level shift of this 3rd input 
signal, and generates the 1st input signal of the above, and the 2nd level shift circuit which the 4th input 
signal is supplied, carries out the level shift of this 4th input signal, and generates the 2nd input signal of 
the above. The 1st semiconductor laser drive circuit concerning this invention Each of the above 1st and 
the 2nd level shift circuit It is the differential-amplifier circuit which consists of an emitter coupled logic 
circuit, the 1st switching circuit of the above It is the current switch logical circuit to which a current 
source is connected to the emitter of a differential pair transistor, and the output current of this current 
source is set by the switch control signal of the above 1st. The 2nd switching circuit of the above is good 
also as composition which is the current switch logical circuit to which a current source is connected to 
the emitter of a differential pair transistor, and the output current of this current source is set by the 
switch control signal of the above 2nd. 

[001 1] For example, the aforementioned quantity resistance semiconductor laser of the 1st 
semiconductor laser drive circuit concerning this invention is GaN system semiconductor laser, the 
aforementioned low-power output impedance driver element is a field-effect transistor, and the 
aforementioned GaN system semiconductor laser is good also as composition driven by the source 
follower which used the aforementioned field-effect transistor. 

[001 2] The 2nd semiconductor laser drive circuit concerning this invention has the current regulator 
circuit connected to the node of the control circuit which generates a drive control signal, the low-power 
output impedance driver element which carries out the voltage drive of the aforementioned quantity 
resistance semiconductor laser based on the aforementioned drive control signal, and the aforementioned 
low-power output impedance driver element and the aforementioned quantity resistance semiconductor 
laser. 

[0013] In the 2nd semiconductor laser drive circuit concerning this invention, suitably, the 
aforementioned quantity resistance semiconductor laser and the aforementioned low-power output 
impedance driver element are connected through a capacitor, the node of the aforementioned capacitor 
and the aforementioned low-power output impedance driver element is grounded through the 1st 
resistance element, and the aforementioned current regulator circuit is connected to the node of the 
aforementioned capacitor and the aforementioned quantity resistance semiconductor laser. 
[0014] In the 2nd semiconductor laser drive circuit concerning this invention, the aforementioned 
quantity resistance semiconductor laser and the aforementioned current regulator circuit are suitably 
connected through an inductor or the 2nd resistance element. For example, the aforementioned quantity 
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resistance semiconductor laser is GaN system semiconductor laser, the aforementioned low-power 
output impedance driver element is a field-effect transistor, and the aforementioned GaN system 
semiconductor laser is good in the 2nd semiconductor laser drive circuit concerning this invention also 
as composition driven by the source follower which used the aforementioned field-effect transistor. 
[0015] In the 1st and 2nd semiconductor laser drive circuits concerning the above-mentioned this 
invention, since the voltage drive of the high resistance semiconductor laser is carried out by the low- 
power output impedance driver element, a power supply can be effectively supplied to high resistance 
semiconductor laser. Moreover, it is possible to be able to suppress a Miller effect and. to improve the 
drive speed of high resistance semiconductor laser by supplying a power supply to high resistance 
semiconductor laser through a low-power output impedance driver element. By considering as the 
composition in which current supply is carried out by the source follower, the Miller effect in a field- 
effect transistor can be suppressed, and high resistance semiconductor laser can be improved more in the 
drive speed of high resistance semiconductor laser, such as GaN system semiconductor laser. 
[0016] Moreover, since it has the current regulator circuit connected to the node of a low-power output 
impedance driver element and high resistance semiconductor laser, it is possible to supply fixed current 
to high resistance semiconductor laser, and it is possible to make the laser beam according to this fixed 
current output at the time of usual in the 2nd semiconductor laser drive circuit concerning the above- 
mentioned this invention. 
[0017] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to an accompanying drawing. 

[0018] Gestalt drawing 1 of the 1st operation is the rough block block diagram showing the gestalt of 
operation of the semiconductor laser drive circuit concerning this invention. The semiconductor laser 
drive circuit 100 is installed in the record regenerative apparatus which records information on an 
optical disk or reproduces the storage information on an optical disk with the gestalt of this operation. 
This semiconductor laser drive circuit 100 has a power circuit 1, a source follower (grounded-drain 
circuit) 4, and the control circuit 5 that generates the drive control signal Sc. 
[0019] A source follower 4 has the low-power output impedance driver element 2 and the high 
resistance semiconductor laser 3. The low-power output impedance driver element 2 consists of n 
channel field-effect transistors (FET:Field Effect Transistor) of an enhancement type. The high 
resistance semiconductor laser 3 consists of GaN system semiconductor laser (GaN system 
semiconductor laser diode) which outputs for example, a purple-blue color laser beam. Hereafter, the 
low-power output impedance driver element 2 is FET, and the case where the high resistance 
semiconductor laser 3 is GaN system semiconductor laser is explained. The drain of FET2 is connected 
to a power circuit 1, and the source is connected to the GaN system semiconductor laser 3. 
[0020] A control circuit 5 has an oscillator circuit 10, a resonance circuit 20, the synthetic circuit 30, a 
buffer circuit 40, the level shift circuit 50, a switching circuit 60, and a voltage stabilizer 70. The 
aforementioned buffer circuit 40 has the 1st waveform shaping circuit 41 and the 2nd waveform shaping 
circuit 41. The aforementioned level shift circuit 50 has the 1st level shift circuit 51 and the 2nd level 
shift circuit 52. The aforementioned switching circuit 60 has the 1st switching circuit 61 and the 2nd 
switching circuit 62. 

[0021] 5th input signal S4 and S5 are inputted into the 1st waveform shaping circuit 41. Input signal S4 
of the above 5th and S5 are the relation between a reversal signal and a noninverting signal mutually, 
and have become a pair (pair). The 6th input signal S6 and S7 is inputted into the 2nd waveform shaping 
circuit 42. The 6th input signal S6 and S7 of the above is the relation between a reversal signal and a 
noninverting signal mutually, and has become a pair (pair). 

[0022] In addition, when eliminating in the case of the 1st mode of operation (i.e., the storage 
information on an optical disk) (at the time of elimination), input signal S4 and S5 are supplied only to 
the 1st waveform shaping circuit 41 among the 1st and 2nd waveform shaping circuits 41 and 42. 
Moreover, when making information write in and memorize in the case of the 2nd mode of operation 
(i.e., an optical disk) (at the time of record), while input signal S4 and S5 are supplied to the 1st 
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waveform shaping circuit 41, input signals S6 and S7 are supplied to the 2nd waveform shaping circuit 
42, and as for the radiant power output (luminescence intensity) of the GaN system semiconductor laser 
3, the way at the time of record becomes large rather than the time of elimination. Moreover, when 
reading in the case of the 3rd mode of operation (i.e., the storage information on an optical disk) (at the 
time of reproduction), an input signal is not supplied to the 1st and 2nd waveform shaping circuits 41 
and 42. 

[0023] The 1st waveform shaping circuit 41 shapes 5th input signal S4 and S5 in waveform, generates 
signal S4A and S5A, and supplies aforementioned signal S4A and S5A to the 1st level shift circuit 5 1 as 
the 3rd input signal. The 2nd waveform shaping circuit 42 shapes the 6th input signal S6 and S7 in 
waveform, generates signal S6A and S7A, and supplies the aforementioned signal S6A and S7A to the 
2nd level shift circuit 52 as the 4th input signal. The 1st and 2nd waveform shaping circuits 41 and 42 
input the signal of p-ECL level, output the signal of p-ECL level, and operate orthopedically the signal 
whose edge became blunt to a signal with a steep edge. By considering as such composition, when the 
transmission line of an input signal is extended, **** of the wave of an input signal can be stopped by 
the buffer circuit 40. 

[0024] The 1st level shift circuit 51 carries out the level shift of the 3rd input signal S4A and the S5A 
(signal level), generates signal S4B and S5B, and supplies aforementioned signal S4B and S5B to the 
1st switching circuit 61 as the 1st input signal. The 2nd level shift circuit 52 carries out the level shift of 
4th input signal S6A and the S7A (signal level), generates signal S6B and S7B, and supplies the 
aforementioned signal S6B and S7B to the 2nd switching circuit 62 as the 2nd input signal. The 1st and 
2nd level shift circuits 51 and 52 consist of differential-amplifier circuits which consist of an emitter 
coupled logic (ECL:Emitter Coupled Logic) circuit. 

[0025] The 1st switching circuit 61 amplifies 1st input signal S4[ of the above ] B, and S5B based on the 
1st switch control signal S3, generates the 1st amplification signal S61, and supplies this 1st 
amplification signal S61 to the synthetic circuit 30. The 1st amplification control signal (1st switch 
control signal) S3 can adjust the amplification degree of the 1st switching circuit 61. 
[0026] The 2nd switching circuit 62 amplifies input signal S6B of the above 2nd, and S7B based on the 
2nd switch control signal S8, generates the 2nd amplification signal S62, and supplies this 2nd 
amplification signal S62 to the synthetic circuit 30. The 2nd amplification control signal (2nd switch 
control signal) S8 can adjust the amplification degree of the 2nd switching circuit 62. The 1st and 2nd 
switching circuits 61 and 62 consist of current switch logic (CSL:Current Switch Logic) circuits which 
consist of an ECL circuit. 

[0027] A voltage stabilizer 70 generates the constant-voltage signal S70 for bias based on setpoint-signal 
S9, and supplies the aforementioned constant-voltage signal S70 to the synthetic circuit 30. It is possible 
to be able to adjust the bias voltage of the gate input signal of FET2, and to set up output power of the 
GaN system semiconductor laser 3 by this setpoint-signal S9. 

[0028] An oscillator circuit 10 generates the oscillation signal S10 of predetermined frequency based on 
the oscillation control signal S2, and supplies this oscillation signal S 10 to a resonance circuit 20. This 
oscillator circuit 10 generates the oscillation signal S10, when the oscillation control signal S2 is in the 
1st state, and when the oscillation control signal S2 is in the 2nd state, it suspends generation of the 
oscillation signal S10. The oscillation control signal S2 of the 1st state is supplied to an oscillator circuit 
1 0 at the time of reproduction. 

[0029] A resonance circuit 20 consists of a LC resonance circuit which carried out the series connection 
of the inductor L to for example, the capacitor C, passes the signal S20 of specific frequency from the 
oscillation signal S 10, and supplies this passage signal S20 to the synthetic circuit 30. 
[0030] The passage signal S20, the 1st and 2nd amplification signals S61 and S62, and the constant- 
voltage signal S70 are supplied, and the synthetic circuit 30 compounds these signals alternatively, 
generates a composite signal Sc, and supplies this composite signal Sc to a source follower 4. The 
synthetic circuit 30 adds the 1st amplification signal S61 and constant- voltage signal S70 at the time of 
elimination, generates a composite signal Sc at it, and supplies this composite signal Sc to the gate of 
FET2. The synthetic circuit 30 adds the 1st and 2nd amplification signals S61 and S62 and constaiit- 
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voltage signals S70 at the time of record, generates a composite signal Sc at it, and supplies this 
composite signal Sc to the gate of FET2. The synthetic circuit 30 adds the passage signal S20 and the 
constant-voltage signal S70 at the time of reproduction, generates a composite signal Sc at it, and 
supplies this composite signal Sc to the gate of FET2. 

[0031] A power circuit 1 generates the supply, voltage pinch off voltage for GaN system semiconductor 
laser 3 drive based on the power control signal SI, and supplies this supply voltage pinch off voltage to 
the drain of FET2 of a source follower 4. In the case where the power control signal SI is enabling state 
(one state), a power circuit 1 generates supply voltage pinch off voltage, and the GaN system 
semiconductor laser 3 outputs a laser beam. In the case where the power control signal SI is in a disable 
state (state of another side), a power circuit 1 suspends generation of supply voltage pinch off voltage, 
and sets output voltage to FET2 to OV, and the GaN system semiconductor laser 3 suspends the output 
of a laser beam. 

[0032] A composite signal Sc is supplied as a gate input signal, and current supply of FET2 is carried 
out to the GaN system semiconductor laser 3 based on this composite signal Sc. The signal level of a 
composite signal Sc has a way larger than the time of elimination at the time of record, and, for this 
reason, voltage with the larger way at the time of record than the time of elimination is impressed to the 
GaN system semiconductor laser 3. Consequently, as for the radiant power output of the GaN system 
semiconductor laser 3, the way at the time of record becomes large rather than the time of elimination. 
[0033] Since the composite signal Sc at the time of reproduction consists of a signal adding the passage 
signal S20 and the constant-voltage signal S70 of specific frequency, the aforementioned specific 
frequency can be superimposed on a laser beam from the GaN system semiconductor laser 3. Moreover, 
compared with the case where the composite signal Sc at the time of reproduction consists of a constant- 
voltage signal S70, the laser beam output from the GaN system semiconductor laser 3 can be enlarged, 
and it is possible to reduce the laser beam noise at the time of the low-power output of a laser beam. 
[0034] Drawing 2 is the circuit diagram of the semiconductor laser drive circuit 1 00 of drawing 1 . 
However, the buffer circuit 40 is omitted and drawn! In addition, the sign GND in drawing shows 
grounding potential (grand level). The aforementioned input signal S4A is inputted into the 1 st level 
shift circuit 5 1 as input voltage Val . The aforementioned input signal S5A is inputted into the 1st level 
shift circuit 51 as input voltage Va2. The aforementioned input signal S6A is inputted into the 2nd level 
shift circuit 52 as input voltage Vbl . The aforementioned input signal S7A is inputted into the 2nd level 
shift circuit 52 as input voltage Vb2. 

[0035] The switch control signal S3 of the above 1st is inputted into the 1st switching circuit 61 as input *, 

voltage V61. The switch control signal S8 of the above 2nd is inputted into the 2nd switching circuit 62 

as input voltage V62. The aforementioned power control signal SI is inputted into a power circuit 1 as 

input voltage Vd. The aforementioned oscillation control signal S2 is inputted into an oscillator circuit 

10 as input voltage Vsw. The aforementioned setpoint signal S9 is inputted into a voltage stabilizer 70 

as input voltage Vin. 

[0036] The 1st level shift circuit 51 has the collector resistances R5 and R6 to which supply voltage Vcc 
is supplied, the base resistance Rl and R2 to which input voltage Val and Va2 is supplied, emitter 
resistances R3 and R4, the differential pair transistors Q2 and Q3, a transistor Ql, and the grounded load 
resistance R9. Transistors Ql, Q2, and Q3 are npn transistors. The resistance of collector resistances R5 
and R6 is equal, the resistance of base resistance Rl and R2 is equal, the resistance of emitter resistances 
R3 and R4 is equal, and the property of transistors Q2 and Q3 is equal. 

[0037] The collector of a transistor Ql is connected to the node of emitter resistances R3 and R4, an 
emitter is connected to load resistance R9, input voltage V51 is supplied and, as for the base, the 
collector current II of a transistor Ql is set up with this input voltage V5 1 . Of a transistor Ql and load 
resistance R9, the constant current source which makes the collector current of a transistor Ql regularity 
is formed. With the aforementioned input voltage V51, this constant current source outputs fixed current 
at the time of elimination and record (at the time of the 1st mode of operation) (at the time of the 2nd 
mode of operation), and suspends the output of current at the time of reproduction (at the time of the 3rd 
mode of operation). 
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[0038] The base of a transistor Q2 is connected to base resistance Rl, a collector is connected to a 
collector resistance R5, and the emitter is connected to the emitter resistance R3. The base of a transistor 
Q3 is connected to base resistance R2, a collector is connected to a collector resistance R6, and the 
emitter is connected to the emitter resistance R4. Level shift signal S4B of the above 1st is supplied to 
the base resistance R8 in the 1st switching circuit 61 as a collector voltage Va3 of a transistor Q2. Level 
shift signal S5B of the above 1st is supplied to the base resistance R7 in the 1st switching circuit 61 as a 
collector voltage Va4 of a transistor Q3. 

[0039] The 2nd level shift circuit 52 has the collector resistances R55 and R56 to which supply voltage 
Vcc is supplied, the base resistance R51 and R52 to which input voltage Vbl and Vb2 is supplied, 
emitter resistances R53 and R54, the differential pair transistors Q52 and Q53, a transistor Q51, and the 
grounded load resistance R59. Transistors Q51, Q52, and Q53 are npn transistors. The resistance of 
collector resistances R55 and R56 is equal, the resistance of base resistance R5 1 and R52 is equal, the 
resistance of emitter resistances R53 and R54 is equal, and the property of transistors Q52 and Q53 is 
equal 

[0040] The collector of a transistor Q51 is connected to the node of emitter resistances R53 and R54, an 
emitter is connected to load resistance R59, input voltage V52 is supplied and, as for the base, the 
collector current of a transistor Q5 1 is set up with this input voltage V52. Of a transistor Q51 and load 
resistance R59, the constant current source which makes the collector current of a transistor Q5 1 
regularity is formed. With the aforementioned input voltage V52, this constant current source outputs 
fixed current at the time of record (at the time of the 2nd mode of operation), and stops a current output 
at the time of elimination and reproduction (at the time of the 1st mode of operation) (at the time of the 
3rd mode of operation). 

[0041] The base of a transistor Q52 is connected to base resistance R51, a collector is connected to a 
collector resistance R55, and the emitter is connected to the emitter resistance R53. The base of a 
transistor Q53 is connected to base resistance R52, a collector is connected to a collector resistance R56, 
and the emitter is connected to the emitter resistance R54. Level shift signal S6B of the above 2nd is 
supplied to the base resistance R26 in the 2nd switching circuit 62 as a collector voltage Vb3 of a 
transistor Q52. Level shift signal S7B of the above 2nd is supplied to the base resistance R25 in the 2nd 
switching circuit 62 as a collector voltage Vb4 of a transistor Q53. 

[0042] The 1st switching circuit 61 has the load resistance R10 to which supply voltage Vcc is supplied, 
a transistor Q4, the differential pair transistors Q6 and Q7, and base resistance R7 and R8. Transistors 
Q4, Q6, and Q7 are pnp transistors. The resistance of base resistance R7 and R8 is equal, and the 
property of transistors Q6 and Q7 is equal. 

[0043] The collector of a transistor Q4 is connected to the node of both the emitters of the differential 
pair transistors Q6 and Q7, an emitter is connected to load resistance R10, input voltage V61 is supplied 
and, as for the base, the collector current of a transistor Q4 is set up with this input voltage V61. Of a 
transistor Q4 and load resistance R10, the constant current source which makes the collector current of a 
transistor Q4 regularity is formed. With the aforementioned input voltage V61, this constant current 
source outputs fixed current at the time of elimination and record, and stops a current output at the time 
of reproduction. 

[0044] The emitter of a transistor Q7 is connected to the collector of a transistor Q4, the base is 
connected to base resistance R7, and the collector is connected to resistance R13. The emitter of a 
transistor Q6 is connected to the collector of a transistor Q4, the base is connected to base resistance R8, 
and the collector is connected to the resistance R12 for signal composition. The aforementioned 
amplification signal S61 is supplied to resistance Rl 2 as the collector voltage of a transistor Q6, or 
collector-current i2. 

[0045] The 2nd switching circuit 62 has the load resistance Rl 1 to which supply voltage Vcc is 
supplied, a transistor Q5, the differential pair transistors Q8 and Q9, base resistance R26 and R25, and 
the grounded collector resistance R13. Transistors Q5, Q8, and Q9 are pnp transistors. The resistance of 
base resistance R25 and R26 is equal, and the property of transistors Q8 and Q9 is equal. 
[0046] The collector of a transistor Q5 is connected to the node of both the emitters of the differential 
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mo^me^er of a transistor Q9 is connected to the collector of a transistor Q5, the base is 

kTte^SSn« R18 andR19, and transistors Q12 and Q13. Tutors Q12 and Q13 £ 
pnp ZsLrs. Supply voltage Vcc is pressured partially by the rebalance Rl 6, R17, and R18 by wnrch 

node of the aforementioned resistance R17 and R18, fixed voltage is suppucu i *u R16 

sSmt efcnSw^n beTn ^OnS at the time of reproduction, consequently it oscillates and 

E lot I aTthe capacitor CI is carried out. A resonance circuit 20 passes the .signa level o f^pecific 
frequency from the output signal of an oscillator circuit 10, and is supplied to resistance R12 as the 

and a constant voltage VI is supplied. It connects with the collector of ^transistors Q6 
w connects with an inductor LI, and the other end of resistance R 12 is connected to the node 
of resistance R14 and R15. The resistance of resistance R12 and R13 is equal. 

circuit 1 has the resistance R20 and R2 1 to which supply vo W£ ie d, 
u-ansistors 014 Q15, and Q16, base resistance R24, and the grounded resistance R22 and R23. 
SSsQM Sd Q16 are npn transistors, and a transistor Q15 is a pnp transistor. Supply voltage Vcc 

Ka^^^^ voltage Vcc is supplied, an emittei , is «. ; ected to 

the drain of FET2 A and 2B, and the base is connected to resistance R23. The collector of a transistor 
Q ^ s connected to resistance R23, an emitter is connected to resistance R20, the base « [»™^* 
me node of the aforementioned resistance R21 and R22, and ^ed voltage is ^^SdSbi? 
transistor 01 6 is connected to resistance R23, an emitter is grounded and the base is connected to base 
R24 The base of a transistor Q14 and the collector of transistors Q 15 and Q16 are connected 
muSy fpower circuit 1 makes emitter voltage of a transistor Q14 the fixed supply voltage pinch off 
voltage and supplies this supply voltage pinch off voltage to a source follower 4. 
$55] ^A^ourcefollower 4 his the gate resistance R14 and R15, FET2A and 2B, and the GaN system 
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semiconductor laser 3. If matched with FET2 of drawing 1 , FET2A and 2B are used as FET2. The 
resistance of the gate resistance R14 and R15 is equal, and the property of FET2A and 2B is equal. 
FET2A and 2B are GaAs-MESFET (Metal Semiconductor FieldEffect Transistor), and high-speed 
operation is possible for them. 

[0056] The gate of FET2A is connected to the gate resistance R14, a drain is connected to the emitter of 
a transistor Q14, and the source is connected to the anode of the GaN system semiconductor laser 3. The 
gate of FET2B is connected to the gate resistance R15, a drain is connected to the emitter of a transistor 
Q14, and the source is connected to the anode of the GaN system semiconductor laser 3. The cathode of 
the GaN system semiconductor laser 3 is grounded. The node of resistance R14 and R15 is connected to 
resistance R12. When voltage V2 rises, while being able to prevent that a forward current flows between 
FET2A and the gate source of 2B by forming resistance R14 and R15, there are FET2A and an 
advantage which can absorb the individual differences of 2B. 

[0057] Next, operation of a circuit is explained. The 1st and 2nd level shift circuits 51 and 52 are 
differential-amplifier circuits. The operating point can be decided by the collector current II and 
collector resistance (load resistance) R5 of a transistor Ql, and the operating point voltage Va can be 
expressed with following formula **. In addition, the resistance of load resistance R5 is expressed as 
R5. 
[0058] 

[Equation 1] Va=Vcc- (IlxR5)/2 - ** [0059] Moreover, when [ consider as differential-input-voltage 
Via=|Va2-Val|, and ] differential-output-voltage Voa=|Va4-Va3|, the relation between a differential 
input voltage Via and a differential output voltage Voa is expressed with following formula **. In 
addition, the resistance of load resistance R3 is expressed as R3. 
[0060] 

[Equation 2] Voa=ViaxR5 / R3 - ** [0061] When the 1st and 2nd level shift circuits 51 and 52 carry 
out the level shift of the input voltage Val, Va2, Vbl, and Vb2, even if high voltage is required by the 
control voltage V2 of a source follower 4, it is made for the transistors Q6-Q9 of the 1st and 2nd 
switching circuits 61 and 62 not to be saturated. Moreover, the pn junction of transistors Q6-Q9 
amplifies input voltage Val, Va2, Vbl, and Vb2 on the voltage fully turned on / turned off, and enables 
it to perform switching with the 1st and 2nd exact switching circuits 61 and 62. 
[0062] Temporarily, when the input voltage of the buffer circuit 50 of the semiconductor laser drive 
circuit 100 is directly inputted into a switching circuit 60, the collector voltage (collector potential) of - 
the transistors Q6 and Q8 of the 1st and 2nd switching circuits 61 and 62 becomes high in connection 
with the source terminal voltage of Above FET. Consequently, forward voltage may be impressed 
between the collector bases of transistors Q6 and Q8, transistors Q6 and Q8 may be saturated, and an 
output signal wave may be distorted. Furthermore, though transistors Q6 and Q8 may stop performing 
ON/OFF and transistors Q6 and Q8 perform ON/OFF when the amplitude of input voltage is small, an 
output signal wave may become blunt by the level shift in a switching circuit 60. For this reason, it is 
desirable to connect the level shift circuit 50 to the preceding paragraph of a switching circuit 60. 
[0063] The 1st and 2nd switching circuits 61 and 62 are current switch logic (CSL) circuits which 
consist of an ECL circuit. Another side is an OFF state when one side of the differential pair transistors 
Q6 and Q7 is an ON state. Moreover, another side is an OFF state when one side of the differential pair 
transistors Q8 and Q9 is an ON state. The collector current of a transistor Q4 is equal to the collector 
current in the direction of an ON state among transistors Q6 and Q7, and the collector current of a 
transistor Q5 is equal to the collector current in the direction of an ON state among transistors Q8 and 
Q9. The control voltage V2 of FET2A and 2B is determined by collector-current i2 of a transistor Q6, 
and the collector current i3 of a transistor Q8. This control voltage V2 is expressed with following 
formula **. In addition, the resistance of resistance R12 is expressed as R12. 
[0064] 

[Equation 3] V2=(i2+i3) xR12+Vl - ** [0065] A voltage stabilizer 70 is a sink (Sink) type voltage 
source, and consists of one step of transistor amplifying circuit, and a buffer amplifier. In this voltage 
stabilizer 70, the feedback resistance R17 is provided so that output voltage VI may not be changed by 
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the load current 113. Unless input voltage Vin is changed, output voltage VI is kept constant by this 

resistance R17. And a voltage stabilizer 70 supplies FET2A and the gate bias voltage of 2B, and it is 

made to fill the operating voltage of the GaN system semiconductor laser 3. 

[0066] The output voltage VI of a voltage stabilizer 70 is expressed with following formula **. In 

addition, voltage between base emitters of a transistor Q12 is set to Vbel, it corresponds, respectively 

and the resistance of resistance R16, R17, and R18 is expressed as R16, R17, and R18. Moreover, input 

voltage VI fills following formula ** 

[0067] 

[Equation 4] 

Vl=(Vin-Vbel) x (1+R17/R18) - ** [0068] 
[Equation 5] 

VK=(R17+R18) xVcc/(R16+R17+R18) -- ** [0069] The resistance R12 for signal composition 
changes into voltage the sum (i2+i3) of the output current generated in the current switch (CSL) circuits 
61 and 62, and generates the control voltage V2 which superimposed the fixed voltage VI further. This 
control voltage V2 is expressed with following formula ** using upper formula ** and **. 
[0070] 
[Equation 6] 

V2=(i2+i3) xR12+(Vin-Vbel)x (1+R17/R18) 

** [0071] A source follower 4 drives the GaN system semiconductor laser 3 with voltage. The load 
current Io which flows into the GaN system semiconductor laser 3 is determined by the voltage-current 
property of the GaN system semiconductor laser 3, and FET2A and the voltage-drain current 
characteristic between the gate sources of 2B in direct current. This load current Io is expressed with 
following formula **. In addition, in formula **, Vo is the terminal voltage of the GaN system 
semiconductor laser 3, Vt is the threshold voltage (threshold voltage) of FET2A and 2B, and it is Idds. It 
is a drain saturation current. 
[0072] 
[Equation 7] 

Io=Idds x {1+ (V2-Vo)/Vt} 2 - ** [0073] In the power circuit 1, the constant current source which has 
a transistor Q15, and the saturation switching circuit which has a transistor Q16 are connected to push 
pull composition. And to load resistance R23, the outflow place of the fixed current 15 from a constant 
current source is controlled by the saturation switching circuit, and it is not passed [ pass fixed current 15 
or ] by it. The output voltage pinch off voltage of this power circuit 1 is decided by the current 123 
which flows to load resistance R23, and is expressed with following formula **. In addition, the voltage 
between base emitters of a transistor Q14 is expressed with Vbe2, and the resistance of load resistance 
R23 is expressed as R23. 
[0074] 

[Equation 8] pinch off voltage=I23xR23-Vbe2 - ** [0075] Thus, when a transistor Q16 is an ON state, 
current 123 will be set to 0 on 0 or a real target, and a transistor Q14 will be in an OFF state. 
Consequently, the GaN system semiconductor laser 3 will be in an OFF state completely. Moreover, 
when a transistor Q 16 is an OFF state, current 123 is equal to the fixed collector current 15, and a 
transistor Q14 will be in an ON state, and it supplies the aforementioned output voltage pinch off 
voltage to a source follower 4. 

[0076] The source follower 4 has composition which carries out the voltage drive of the GaN system 
semiconductor laser 3, output resistance (output impedance) is small and its output capacitance is small 
to the grade which can be disregarded. Moreover, by using FET2A and 2B in parallel, output resistance 
is further made small and the high-speed drive is enabled also from this point. 
[0077] Moreover, since a source follower 4 can suppress a Miller effect, when the resistance of load 
resistance is large, it can suppress the delay of a pulse response. Furthermore, for example, when parallel 
connection of the capacitor is carried out to load resistance, current can be supplied to the capacity at 
load resistance, without carrying out ****** influence. Since the GaN system semiconductor laser 3 will 
serve as the composition that parallel connection of the capacitor was carried out to load resistance from 
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a viewpoint of an equal circuit if the inductance of lead wire is disregarded, it can supply current to the 
capacity of the capacitor concerned at load resistance, without carrying out ****** influence, can 
prevent that the output wave of a laser beam becomes blunt, and is enabling the high-speed drive also 
from this point. 

[0078] Gestalt drawing 3 of the 2nd operation is the rough block block diagram concerning this 
invention showing the semiconductor laser drive circuit of the gestalt of the 2nd operation. This 
semiconductor laser drive circuit 200 is the composition of having formed the detector 92 and the 
feedback circuit 8 to the semiconductor laser drive circuit 100 of drawing 1 . In addition, the same sign 
is given to the same component as the semiconductor laser drive circuit 100 of drawing 1 , and 
explanation of the same component is omitted suitably. 

[0079] The equal circuit with the rough interior of the control circuit 5 of drawing 3 is filled in, and the 
series connection of the source 6 of signal generation and the adjustable voltage source 7 of the drive 
control signal Sc is carried out. This control circuit 5 supplies the drive control signal Sc to a feedback 
circuit 8. 

[0080] It connects between a power circuit 1 and a source follower 4, and a detector 92 detects the 
current which flows into a source follower 4 from a power circuit 1, generates a detecting signal Sk, and 
supplies this detecting signal Sk to a feedback circuit 8. 

[0081] A feedback circuit 8 has an adder circuit 81 and an amplifying circuit 82. The drive control 
signal Sc and a detecting signal Sk are supplied, and an adder circuit 81 subtracts a detecting signal Sk 
from the drive control signal Sc, generates the addition signal S81, and supplies this addition signal S81 
to an amplifying circuit 82. An amplifying circuit 82 consists of an operational amplifier (operational 
amplifier), a transistor, FET, etc., amplifies the addition signal S81, generates the amplification signal 
Sg, and supplies it to a source follower 4 by making this amplification signal Sg into a gate input signal. 
[0082] In this semiconductor laser drive circuit 200, the feedback loop is formed of the detector 92, the 
feedback circuit 8, and the source follower 4. the current value which detected the current which flows 
into the GaN system semiconductor laser 3 in a source follower 4 by the detector 92, and detected it - a 
level conversion and voltage conversion is carried out, a detecting signal Sk is generated, this 
detecting signal Sk is fed back, and operation of the GaN system semiconductor laser 3 is stabilized 
[0083] It is the composition of detecting the value of the inrush current of the GaN system 
semiconductor laser 3, and the aforementioned inrush current can be controlled by this semiconductor 
laser drive circuit 200, without being dependent on the voltage-current property of the GaN system 
semiconductor laser 3. Moreover, it is possible to control the frequency band to which a detector 92 and 
a feedback circuit 8 operate by setting up widely also about the case where pulse-like current (pulse 
current) flows into a source follower 4 from a power circuit 1 . 

[0084] Gestalt drawing 4 of the 3rd operation is the rough block block diagram concerning this 
invention showing the semiconductor laser drive circuit of the gestalt of the 3rd operation. This 
semiconductor laser drive circuit 300 is the composition of having removed the detector 92, and the 
power circuit 1 having considered as the composition which carries out current supply to a source 
follower 4 directly to the semiconductor laser drive circuit 200 of drawing 3 , and having formed the 
detector 93 further. In addition, the same sign is given to the same component as the semiconductor laser 
drive circuit 200 of drawing 3 , and explanation of the same component is omitted suitably. 
[0085] A detector 93 detects the radiant power output of the GaN system semiconductor laser 3, 
generates a detecting signal Sk, and supplies this detecting signal Sk to a feedback circuit 8. For 
example, a detector 93 branches the laser beam outputted from the GaN system semiconductor laser 3 
using a beam splitter, it receives the branched laser beam by the photo detector, changes it into an 
electrical signal, amplifies this electrical signal, and is taken as the aforementioned detecting signal Sk. 
[0086] The semiconductor laser drive circuit of the gestalt of the 4th operation, next the gestalt of the 
4th operation concerning this invention is explained. Drawing 5 - drawing 8 are the rough circuit 
diagrams concerning this invention showing the semiconductor laser drive circuit of the gestalt of the 
4th operation. 

[0087] Drawin g! is a rough circuit diagram for explaining the principle of the semiconductor laser drive 
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circuit of the gestalt of the 4th operation. This semiconductor laser drive circuit 400 has a switching 
element 401 , diode 402, the source 403 of a constant voltage, the GaN system semiconductor laser 3, 
and a current regulator circuit 410. 

[0088] A current regulator circuit 410 supplies fixed current 1410 to the GaN system semiconductor 
laser 3. In the semiconductor laser drive circuit 400, the series connection of a switching element 401, 
diode 402, and the source 403 of a constant voltage will be carried out, and a switching element 401 will 
be in an ON state or an OFF state with the drive control signal Sc. The source 403 of a constant voltage 
supplies fixed voltage to the GaN system semiconductor laser 3, when a switching element 401 is an ON 
state. 

[0089] In this semiconductor laser drive circuit 400, the direct current for bias is generated by the 
current regulator circuit 410, and a pulse voltage is generated using a switching element 401 at the time 
of a high-speed drive, it impresses this pulse voltage to the GaN system semiconductor laser 3, and is 
enabling the high-speed response. It is possible to drive the GaN system semiconductor laser 3, without 
being dependent on the voltage-current property of the GaN system semiconductor laser 3 at the time of 
a high-speed drive in the semiconductor laser drive circuit 400. In this case, equivalent resistance in case 
an alternating current small signal is inputted into the GaN system semiconductor laser 3 turns into 
current- feedback resistance. 

[0090] Drawing 6 is the circuit diagram of the suitable semiconductor laser drive circuit which 
materialized more the semiconductor laser drive circuit 400 of drawing 5 . This semiconductor laser 
drive circuit 460 has FET404, the source 405 of signal generation which generates the drive control 
signal Sc, the GaN system semiconductor laser 3, and a current regulator circuit 410. The switching 
element 401 and diode 402 in drawing 5 have composition included in FET404 which is an example of a 
low-power output impedance driver element. The GaN system semiconductor laser 3 is driven by the 
source follower. 

[0091] A current regulator circuit 410 has the emitter resistance 41 1 to which supply voltage Vcc is 
supplied, a transistor 412, and the adjustable voltage source 413. A transistor 412 is a pnp transistor. The 
emitter of a transistor 412 is connected to an emitter resistance 41 1, a collector is connected to the anode 
of the GaN system semiconductor laser 3, it connects with the adjustable voltage source 413, and the 
base generates the fixed collector current 1410. 

[0092] FET404 is the n channel field-effect transistor of an enhancement type, for example, GaAs-FET 
is used for it. Supply voltage Vcc is supplied to the drain of FET404, the gate is connected to the source 
405 of signal generation, and the source is connected to the anode of the GaN system semiconductor 
laser 3. The cathode of the GaN system semiconductor laser 3 is grounded. 

[0093] When FET404 is an ON state, driver voltage is supplied to the GaN system semiconductor laser 
3 from FET404, and the GaN system semiconductor laser 3 outputs a purple-blue color laser beam. 
When FET404 is an OFF state, driver voltage is not supplied to the GaN system semiconductor laser 3 
from FET404, the GaN system semiconductor laser 3 stops a radiant power output, or luminescence of 
the low-power output or the constant output based on a constant current 1410 is performed. 
[0094] Drawing 7 is the circuit diagram showing the modification of the semiconductor laser drive 
circuit 460 of drawing 6 . In addition, the same sign is given to the same component as the 
semiconductor laser drive circuit 460 of drawing 6 , and explanation of the same component is omitted 
suitably. This semiconductor laser drive circuit 470 is the composition of having formed resistance (the 
1st resistance element) 406 and the capacitor 407 to the aforementioned semiconductor laser drive 
circuit 460. The source of FET404 is grounded through resistance 406. Moreover, the source of FET404 
is connected to the anode of the GaN system semiconductor laser 3 through the capacitor 407. 
[0095] It is possible to be able to supply the high frequency component of a pulse voltage to the GaN 
system semiconductor laser 3 with a capacitor 407, to be able to intercept the low-frequency component 
of a pulse voltage, and to impress high-frequency voltage to the GaN system semiconductor laser 3 by 
having resistance 406 and a capacitor 407, at the time of a high-speed drive, when a pulse voltage is 
outputted from the source of FET404. 

[0096] Drawing 8 is the circuit diagram showing the modification of the semiconductor laser drive 
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circuit 470 of drawing 7 . In addition, the same sign is given to the same component as the 
semiconductor laser drive circuit 470 of drawing 7 , and explanation of the same component is omitted 
suitably. This semiconductor laser drive circuit 480 is the composition of having formed the inductors 
408, such as a choke coil, between a current regulator circuit 410 and the GaN system semiconductor 
laser 3 to the aforementioned semiconductor laser drive circuit 470. 

[0097] By having an inductor 408, when the output capacitance ( drawing 8 collector capacitance) of a 
current regulator circuit 410 has a size more than the junction capacitance of the GaN system 
semiconductor laser 3, it can prevent that the pulse current from a capacitor 407 flows into the output 
terminal of a current regulator circuit 410. In addition, between a current regulator circuit 410 and the 
GaN system semiconductor laser 3, it may replace with an inductor 408 and resistance (the 2nd 
resistance element) may be prepared, the series connection of the aforementioned resistance and the 
inductor 408 may be carried out, and they may be prepared. 

[0098] Moreover, it is good for the gate of FET404 also as composition which connects the 
aforementioned control circuit 5 and supplies the drive control signal Sc to the gate. While using a 
bipolar transistor as a low-power output impedance driver element, it may replace with a source follower 
4 and an emitter follower may be used. Moreover, the gestalt of the above-mentioned implementation is 
instantiation of this invention, and this invention is not limited to the gestalt of the above-mentioned 
implementation. 
[0099] 

[Effect of the Invention] In the 1st semiconductor laser drive circuit concerning this invention, since 
driver voltage is supplied to high resistance semiconductor laser through a low-power output impedance 
driver element, a power supply can be effectively supplied to high resistance semiconductor laser. 
Moreover, it is possible to be able to suppress a Miller effect by the low-power output impedance driver 
element, to make frequency of a drive control signal high, and to improve the drive speed of high 
resistance semiconductor laser. 

[0100] Furthermore, the signal level of a drive control signal can be changed to a multi-stage story, and 
the aforementioned control circuit can control the luminescence intensity of GaN system semiconductor 
laser by having the 1st and 2nd switching circuits and the synthetic circuit which compounds the output 
signal of the 1st and 2nd switching circuits, and generates the aforementioned drive control signal on a 
multi-stage story. 

[0101] In the 2nd semiconductor laser drive circuit concerning this invention, since driver voltage is 
supplied to high resistance semiconductor laser through a low-power output impedance driver element, a 
power supply can be effectively supplied to high resistance semiconductor laser. Moreover, it is possible 
to be able to suppress a Miller effect by the low-power output impedance driver element, to make 
frequency of a drive control signal high, and to improve the drive speed of high resistance 
semiconductor laser. Moreover, it is possible to be able to set up the operating point of high resistance 
semiconductor laser, and to set up the laser beam intensity at the time of the usual output of high 
resistance semiconductor laser by the current regulator circuit connected to high resistance 
semiconductor laser. 

[0102] Moreover, it is possible to be able to supply a high frequency component to high resistance 
semiconductor laser among the output voltage of a low-power output impedance driver element, to be 
able to intercept a low-frequency component, and to change the luminescence intensity of GaN system 
semiconductor laser in the shape of a pulse by connecting a low-power output impedance driver element 
and high resistance semiconductor laser through a capacitor. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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